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Abstract. In this work we aimed to develop an effcient micropropagation protocol for 
highbush blueberry (Vaccinium corymbosum L. ‘Duke’) and hazelnut (Corylus avellana L. 
‘Tonda di Giffoni’) using the Plantform bioreactor. The influence of different quantities of the 
culture media (300 ml, 400 ml and 500 ml/bioreactor) was tested for both species. The 
immersion time was one at every hour lasting for 1 minute and aeration was once/hour lasting 
for 4 min each. Our results show that highbush blueberry had the highest proliferation rate 
(6.20±0.81) in the bioreactor containing 500 ml of the culture medium while the longest shoots 
(4.19±0.25 cm) were recorded in the bioreactor with 400 ml of the culture medium. Hazelnut 
had the highest proliferation rate (0.93±0.07) in the bioreactor containing 400 ml while the 
longest shoots (3.13±0.49 cm) were measured in the bioreactor containing 500 ml medium. The 
highest rooting percentage (77.78%) in hazelnut was recorded in the bioreactor containing 400 
ml medium.  
 
Keywords: blueberry, hazelnut, micropropagation, Plantform bioreactor, Temporary 
immersion system (TIS). 
INTRODUCTION 
 
Temporary immersion systems (TIS) were developed several decades ago to 
overcome the existing problems such as malformations and loss of material due to 
asphyxia and hyperhydricity. These systems serve as an alternative for conventional 
micropropagation process based on automatization (Gianguzzi et al., 2019).  
In the last years, in order to reduce the investments’ costs and save space and 
labor work, several bioreactors were developed and launched on the market as follow: 
RALM bioreactors (Biorreatores RALM, Ralm Industria e Comércio ltda., Brazilia), 
SETIS system (Vervit, Belgia, distribuit de Duchefa Biochemie, Olanda), PLANTIMA 
(A-Tech Bioscientific Co., Ltd., Taiwan), Plantform (Plant Form AB, Suedia & TC 
propagation Ltd., Irlanda), BOX-IN-BAG and WAVE bioreactor (Georgiev et al., 
2014). 
Temporary immersion bioreactor systems are suitable to be used for large-scale 
propagation of plants and were successfully applied for the micropropagation of 
different species such as: Coffea arabica (Albarran et al., 2005), potato (Piao et al., 
2003), banana (Roels et al., 2005), pineapple (Scherer et al., 2013), highbush blueberry 
(Ross and Castillo, 2009)  and other wooden species as well (Akdemir et al. 2014). 
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The aim of this work was to develop an effcient micropropagation protocol for 
highbush blueberry (Vaccinium corymbosum L.  ‘Duke’) and hazelnut (Corylus 
avellana L. ‘Tonda di Giffoni’) using the Plantform bioreactor system. 
 
MATERIAL AND METHOD 
 
Plant materials. The explants used for this experiment were excised from the 
in vitro regenerated highbush blueberry ('Duke') and hazelnut ('Tonda di Giffoni') 
plantlets (10 weeks old) which had been cultured on basal medium prepared from stock 
solution as follow: salts McCown’s Woody Plant (WPM) medium (Lloyd and 
McCown, 1981), 100 mg/l Sequestrene 138, 100 mg/l Myo-inozitol, 2 mg/l vitamin 
B1, 1 mg/l vitamin B6, 1 mg/l nicotinic acid, 1 mg/l zeatin, 3% (w/v) sugar and 
solidified with 4g/l Plant agar. The pH of the media was adjusted to 5.0 for blueberry 
and 5.8 for hazelnut before autoclaving at 0.11 MPa at 121º C for 20 min. All the 
components were purchased from Duchefa Biochemie B.V, Netherlands. The vessels 
used in this research were 720 ml jars, 9 cm in diameter and 13.5 cm high with screw 
caps. The in vitro cultures were incubated in the growth room at 16 hour photoperiod 
with 32.4 µmol m-2s-1 light intensity (Philips CorePro LEDtube 1200 mm 16W865 CG, 
1600lm Cool Daylight) at 23 ± 3°C and 50 ± 2% humidity according to the protocol 
described by Clapa et al., 2018.  
Establishment of Bioreactor Cultures. For culture establishment Plantform 
bioreactors were used with pneumatic pumping system controlled by an automatic 
timer to regulate aeration and medium supply to the explants in the bioreactor. 
Plantform bioreactor is made of transparent polycarbonate with the size of 180 × 160 × 
150 mm. The advantage of this bioreactor is that it has a relatively greater interior 
bottom for cultures to grow and a suitable size for handling. Besides, such bioreactors 
could be placed above each other to save culturing space, which is more attractive and 
efficient for large scale production (Welander et al, 2014; www.plantform.se.) 
The culture medium prepared and used in the bioreactors had the same 
composition as the one used for previous culturing as described above but without the 
gelling agent.  
For both blueberry and hazelnut cultures, three different quantities of liquid 
culture medium were tested (300 ml, 400 ml and 500 ml) in three replicates. In each 
bioreactor 20 shoots were inoculated for blueberry and 27 shoots for hazelnut cultures. 
The length of the inoculated shoots was 1.5-2 cm. The immersion time was one at 
every hour lasting for 1 minute and aeration was once/hour lasting for 4 min each for 
both species. 
The in vitro cultures established in the bioreactor systems were maintained in 
growth rooms in the same conditions as previous cultures solidified with Plant as 
described above.  
Ex vitro rooting and acclimatization. Ex vitro rooting and acclimatization of 
blueberry was carried out using 2 cm long microshoots without roots developed during 
the multiplication stage in the bioreactor systems. The microshoots were planted in a 
non-sterile mixture of peat (Klasmann-Deilmann, Lithuanian Peat Moss Special 
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Ericaceous plants, pH-value (H2O): 4.0 – 4.5) and perlite (‘BIOS’ Research and 
Development Center of Bio-stimulators, Cluj-Napoca, Romania) in 1:1 (v:v) ratio, in 
mini-greenhouses (Versay, T1, sizes 39 x 25 x 7.5 cm, PVC) kept in laboratory 
conditions. The well grown rooted hazelnut shoots from the multiplication medium 
were transferred to mini-greenhouse plates containing peat (Klasmann-TS 3 Medium 
Basic Standard, pH-value (H2O):6). 
Data Collection and Statistical Analysis. 
The average shoot lengths and proliferation rates were calculated after 90 days 
of in vitro culturing. The acclimatization percentage was calculated after 30 days. 
ANOVA was performed followed by Tukey’s HSD test (P≤0.05) to determine the 
statistically significant differences between the means. Values shown are means ± SE. 
 
RESULTS AND DISCUSSIONS 
 
Highbush blueberry 
The results show that highbush blueberry had the highest proliferation rate 
(6.20±0.81) in the bioreactor containing 500 ml of the culture medium. The longest 
shoots (4.19±0.25 cm) were recorded in the bioreactor which contained 400 ml of culture 
medium (Fig.1 and 2). No statistically significant differences were recorded in terms of 
shoot length between the three different quantities of media tested (Fig. 2). Both shoot 
length and proliferation rate showed significantly higher values than those recorded in 
conventional micropropagation methods using solid medium gelled with Plant agar 
(Clapa et al, 2018) where the proliferation rate for ‘Duke’ was 5.62±0.80 with an average 
length of the shoots 3.59±0.09 cm.  
 
 
Fig. 1. Blueberry ‘Duke’ in vitro culture in Plantform bioreactor: a-a' – 500 ml WPM+1 
mg/l zeatin; b-b' – 400 ml WPM+1 mg/l zeatina; c-c' – 300 ml WPM+1 mg/l zeatin 
 
 Similar results have been reported by Arencibia et al. (2013), who 
micropropagated ‘Biloxi’, ‘Sharp Blue’ and ‘Brillita’ blueberry cultivars in Temporary 
a b c 
c’ b’ a’ 
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Immersion Bioreactors, and found that both plant number and total internodes traits) 
related to the productive efficiency) proved to be superior in blueberries propagated in 
TIBs compared to those propagated conventionally. Other studies show that ‘O’Neal’ 
and ‘Georgia Gem’ blueberry cultivars propagated using a temporary immersion 
system (RITA®) and a permanent immersion reactor led to a dark green, vigorous and 
ready to root shoot growth. The multiplication rate also was higher or equal in all 
treatments than in the control using semi-solid medium (Ross and Castillo, 2009). 
 
 
Fig. 2. Proliferation rate and average shoot lengths of highbush blueberry ‘Duke’ in 
Plantform bioreactor system with 300 ml, 400 ml and 500 ml of media. Different lowercase 
letters above the bars indicate significant differences between the means of the same 
parameter according to Tukey’s HSD test (P≤0.05) 
 
 The ex vitro rooting and acclimatization percentages of the in vitro regenerated 
shoots in TIS systems containing 300, 400 and 500 ml culture medium (Fig. 3) were 
similar to those propagated on Plant agar solidified media (Clapa et al., 2018). The 
highest acclimatization percentages (100%) were recorded in the case of shoots 
obtained in bioreactors containing 400 ml and 500 ml medium, while a slightly lower 
acclimatization percentage was recorded in shoots regenerated in bioreactors 
containing 300 ml culture medium.  
Similar research was also carried out in other blueberry cultivars as well to test 
the rooting capacity of the bioreactor derived shoots. Thus, Ross and Castillo (2009) in 
his report showed that the microshoots of ‘Georgia Gem’ higbush blueberry cultivar 
were apt for ex vitro rooting, which allow to skip the in vitro rooting stage which is 
extremely work consuming. Arencibia et al. (2013) in his report show that the 
microshoots of ‘Biloxi’, ‘Sharp Blue’ and ‘Brillita’ highbush blueberry cultivars 
propagated in TIBs showed higher adaptability and growing rates than those cultured 
by conventional methods. In addition, this type of culturing method evidences also the 
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occurrence of a photomixotrophic stage in the vitroplantlets as reported by (Arencibia 
et al., 2013). 
 
 
Fig. 3. Ex vitro acclimatization (%) of highbush blueberry ‘Duke’ cultivar 
 
 
Hazelnut  
Micropropagation of hazelnut (Corylus avellana L.) is difficult because of the 
wide range of variations in response among cultivars. Hazelnuts respond differently to 
micropropagation; some of them grow well while others do not multiply or elongate 
(Hand et al. 2014). 
Our results show that ‘Tonda di Giffoni’ hazelnut cultivar had the highest 
proliferation rate (0.93±0.07) in the bioreactor containing 400 ml while the longest 
shoots (3.13±0.49 cm) were measured in the bioreactor containing 500 ml medium (Fig. 
4). The low rate of proliferation presented in this study was due to necrosis and the fact 
the most of the inoculated shoots generated only one shoot ranging in length from 1.5 to 
10.5 cm. Other reports show that, in general, the proliferation rates recorded in different 
hazelnut varieties were low not only on solid or semi-solid media but also in other 
temporary immersion systems as well (Caboni et al., 2008; Bacchetta et a., 2008; 
Latawa et al., 2015; Sgueglia et al., 2019). 
Our findings reveal that the WPN culture medium supplemented with 1 
mg/l zeatin facilitated the rooting of the regenerated shoots in TIS systems 
regardless of the quantity of medium used in the bioreactor. Therefore, the 
highest rooting percentage (77.78%) in hazelnut was recorded in the bioreactor 
containing 400 ml medium (Fig. 5, Fig. 6). This rooting percentage was higher 
than the ones reported by Sgueglia et al., (2019) when testing Carello and 
Panottara cultivars on a rooting medium consisting of half strength MS 
macrosalts, full MS microsalts and organics, 20 g /l sucrose, 5.6 g/l agar (B&V, 
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Italy) and supplemented with 9.80 or 17.6 mM IBA f
transfer of the plantlets to a hormone free RM with vermiculite and agar (1:1 
v/v). In these conditions, the rooting percentage recorded in Carello was 41.7% 
(9.8 µM IBA) and 75% (17.6 µM IBA), while Panottara showed a rooting 
percentage of 50% (9.8 µM IBA) and 66% (17.6 µM IBA), respectively.
Figure 4. Proliferation rate and shoot length 
obtained in the Plantform system containing 300 ml, 400 ml and 500 ml culture medium.  
Different lowercase letters above the bars indicate significant differences between the 
means of the same parameter according to Tukey’s HSD test (P
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The influence of the quantity of culture medium 
di Giffoni’ shoots in TIS
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In vitro rooting of the hazelnut shoots in the multiplication stage highly 
contributed to the ex vitro acclimatization of the shoots in mini greenhouse plates using 
peat as a substrate. The rooting percentage recorded was 94% which are in accordance 
with the results reported by Nas and Read (2004) and 
hazelnut cultivars such as Carrello, Ghirara, Minnulara and Panottara.
 
Fig. 6. In vitro culture of ‘Tonda di Giffoni’ 
system
 
CONCLUSIONS
 
Our research highlighted that higbush blueberry (
‘Duke’ and hazelnut (Corylus avellana L.). 
propagated successfully by using bioreactor systems, although further research is needed 
to improve the efficiency of this method. 
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